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ABSTRACT
Background The objective of this study is to assess the impact of dysnatraemia on mortality among intensive
care unit (ICU) patients in a large, international cohort.
Material and methods Analysis of the Extended Prevalence of Infection in Intensive Care (EPIC II) study, a 1-day
(8May 2007)worldwidemulticenter, prospective point prevalence study. Hyponatraemiawas categorized asmild
(130–134 mM/L), moderate (125–129 mM/L) or severe (< 125 mM/L). Hypernatraemia was also categorized as
mild (146–150 mM/L), moderate (151–155 mM/L) or severe (> 155 mM/L). Patients with normal serum sodium
(135–145 mM/L) constituted the reference group. The main outcome was hospital mortality. Analysis was con-
ducted separately for patients admitted on the study day (258%) and those already present on the ICU (742%).
Results Serum sodium was measured in 13 276 of the 13 796 patients (962%). A total of 3815 patients
(287%) had dysnatraemia: 129% with hyponatraemia and 158% with hypernatraemia. The prevalence of
dysnatraemia was significantly greater in patients already present on the ICU prior to the study day than for
those just admitted (131% vs. 123% for hyponatraemia and 171% vs. 121% for hypernatraemia, both
P < 0001). Hospital mortality rates were higher in patients with dysnatraemia than in those with normal sodium
levels and were directly related to the severity of hypo- and hypernatraemia. This association between dysna-
traemia and mortality was similar in infected and noninfected patients (P = 0061).
Conclusions Dysnatraemia is more frequent during the ICU stay than on the day of admission. Dysnatraemia in
the ICU – even mild – is an independent predictor of increased hospital mortality.
Keywords Hypernatraemia, hyponatraemia, intensive care, propensity score, sodium.
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Introduction
Serum sodium measurements are obtained routinely in inten-
sive care unit (ICU) patients. Dysnatraemia (hyponatraemia
and hypernatraemia) is common in these patients and has
prognostic implications, such that sodium levels have been
integrated into several severity scores [1]. Hyponatraemia is
associated with worse outcomes, particularly in patients with
congestive heart failure [2] and cirrhosis [3]. In a retrospective
database of more than 150 000 ICU patients, Funk et al. [4]
demonstrated that both hypo- and hypernatraemia present on
admission to the ICU were independent risk factors for
increased mortality. Patients were stratified into subgroups of
hypo- and hypernatraemia (borderline, mild and severe), and
even borderline dysnatraemia at admission to the ICU was an
independent risk factor for poor prognosis. Recently, Whelan
et al. [5] showed, in a cohort of more than 14 000 acute unse-
lected (emergency) general medical patients, that serum
sodium at admission was a risk factor for in-hospital mortality.
Again, even borderline hyponatraemia (130–134 mM/L) was
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associated with a worse hospital outcome. Waikar et al. [6] also
stratified a large population of unselected hospitalized adult
patients according to the degree of hyponatraemia and showed
a close relationship between hyponatraemia – even mild – and
mortality. A limitation of their study was the evaluation of a
cohort of patients over a 10-year period, during which
significant changes in diagnosis and therapy may have
occurred. In a prospective study conducted over a 14-year
period, Darmon et al. [7] also observed that dysnatraemia was
an independent risk factor for day-30 mortality. In a study of
ICU-acquired dysnatraemia, Stelfox et al. [8] showed that ICU-
acquired hypo- and hypernatraemia were associated with
increased hospital mortality, but these authors did not evaluate
the relationship between the severity of the dysnatraemia and
outcome.
We, therefore, used a large prospective database of ICU
patients [9] to evaluate whether dysnatraemia is an indepen-
dent risk factor for increased mortality in critically ill patients.
We also investigated whether the presence of infection in these
patients and the occurrence of dysnatraemia at ICU admission
or during the ICU stay impacted on outcomes.
Patients and methods
Patient selection/database
The Extended Prevalence of Infection in Intensive Care (EPIC)
II study protocol has been reported in detail previously [9].
ICUs were asked to participate in a 1-day, prospective, multi-
center point prevalence study, conducted to provide an up-
to-date picture of the extent and pattern of infection in ICUs
throughout the world (see Appendix A for list of participating
ICUs). Demographic, physiological and therapeutic data were
collected from all patients between midnight on May 7 and
midnight on 8 May 2007. The Simplified Acute Physiology
Score (SAPS) II was calculated on the study day. Data were
recorded using preprinted case report forms. Participating
ICUs were asked to provide patient follow-up until discharge
or for 60 days (until 9 July 2007), and ICU and hospital out-
comes were recorded. Participation in the EPIC II study was
entirely voluntary, and the study was not funded. For the ori-
ginal EPIC II protocol, local ethical committee approval at each
participating centre was expedited or waived owing to the
purely observational nature of the study.
Definition of categories of patients
As part of SAPS II, serum sodium was measured in every
patient on the study day (8 May 2007); in 258% of the patients,
this represented the day of ICU admission, and the remaining
742% of patients were already being treated in the ICU. We
analysed these subgroups of patients separately. Patients with
normal sodium (135–145 mM/L) values represented the refer-
ence group. Dysnatraemia was divided into hyponatraemia
(severe < 125 mM/L, moderate 125–129 mM/L and mild
130–134 mM/L) and hypernatraemia (mild 146–150 mM/L,
moderate 151–155 mM/L and severe > 155 mM/L). The cut-
offs used to divide dysnatraemia into categories were based on
those previously used in the literature in order to be able to
compare our results with previous reports [4,6,7].
Infection was defined according to the definitions of the
International Sepsis Forum [10] and adjudicated by the
attending physician.
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics
20 for Windows (IBM, Armonk, NY, USA). The Kolmogorov–
Smirnov test was used, and histograms and normal quantile
plots were examined to verify whether there were significant
deviations from the normality assumption of continuous vari-
ables. Different testing between groups was performed using
analysis of variance, Kruskal–Wallis, Student’s t-test, Mann–
Whitney U-test, chi-square test or Fisher’s exact test as appro-
priate. The Bonferroni correction was made for multiple com-
parisons. Logistic regression analyses with hospital mortality as
the dependent variable were performed to determine the
mortality risk linked to dysnatraemia. To remove any bias of
confounding variables for the association between dysnatra-
emia and mortality, a propensity score for each dysnatraemia
class was estimated using multinomial logistic regression. The
following variables were considered as factors: type of admis-
sion, source of admission, comorbidities, age, sex, mechanical
ventilation, haemofiltration or haemodialysis, infection, SAPS II
score and type of microorganism. After checking that balance
on all covariates that were used in the propensity model had
been achieved, we introduced the propensity score into the
logistic regression model [11,12]. Reported odds ratios were
adjusted for propensity score, hospital and organizational
related factors, including type of ICU (closed vs. open, com-
munity vs. university, surgical vs. medical), number of ICU
beds, number of nurses, number of physiotherapists, presence
of 24-h ICU physician coverage, length of ICU stay prior to
study day and geographical region. Data are presented as mean
(95% confidence interval), median [interquartile range (IQR)] or
number (%) as appropriate. All tests were two tailed, and a
P < 005 was considered statistically significant.
Results
Characteristics of the study group
The EPIC II study included 1265 ICUs in 76 countries with
13 796 adult patients; 7087 (514%) were infected. On the study
day, serum sodium was measured in 13 276 (962%) of the
patients. Of these measurements, 9461 (713%) were within the
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Table 1 Baseline patient characteristics and outcomes according to serum sodium level
Na < 125
mM/L
n =101
125 < Na ≤ 129
mM/L
n = 253
130 < Na ≤ 134
mM/L
n = 1359
Na normal
(135–145 mM/L)
n = 9461
146 < Na ≤ 150
mM/L
n = 1411
151 < Na
≤ 155 mM/L
n = 446
Na > 155
mM/L
n = 245
Patient characteristics
Age
Mean 586 616 601 607 619* 609 586
95% CI 554–619 595–637 591–61 603–61 611–628 593–624 563–609
Male
% 594 589 621 625 624 609 665
SAPS II
Mean 484* 386* 356* 339 412* 45* 459*
95% CI 447–52 365–406 347–364 336–342 404–42 434–465 438–48
SOFA
Mean 85* 72* 63* 59 75* 85* 89*
95% CI 69–10 65–78 6–66 58–6 73–78 8–89 84–95
Days in ICU
Median 1 2 5* 2 4* 6* 6*
25–75th
percentile
0–5 0–11 1–14 0–9 1–12 1–13 2–13
Comorbid conditions
COPD 10 (99) 42 (166) 229 (169) 1576 (167) 271 (192) 75 (168) 42 (171)
Heart failure 10 (99) 29 (115) 141 (104) 903 (95) 145 (103) 53 (119) 26 (106)
Cirrhosis 9 (89)* 18 (71)* 49 (36) 289 (3) 56 (4) 26 (58)* 2 (08)
Chronic renal
failure
8 (79) 29 (115) 128 (94) 858 (91) 134 (95) 44 (99) 22 (9)
IDDM 13 (121) 39 (154)* 136 (10) 858 (91) 188 (133)* 36 (81) 30 (122)
Solid organ
cancer
27 (267) 41 (201) 274 (201) 1765 (174) 234 (165) 90 (201) 46 (218)
Haematological
cancer
1 (1) 4 (16) 30 (22) 200 (21) 24 (17) 15 (34) 5 (2)
HIV 1 (1) 4 (16) 15 (11) 55 (06) 8 (06) 5 (11) 3 (12)
Infection 58 (574) 155 (613)* 788 (58)* 4515 (477) 914 (648)* 310 (695)* 174 (71)*
ICU interventions
Mechanical
ventilation
44 (44) 126 (50) 681 (501) 5037 (533) 1054 (748)* 351 (789)* 203 (829)*
Haemodialysis/
filtration
10 (101) 30 (119) 187 (138)* 879 (93) 98 (7)* 23 (52)* 14 (57)
Type of admission
Elective surgery 6 (59)* 42 (167)* 251 (185)* 2436 (258) 263 (187)* 63 (148)* 33 (135)*
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normal range; 1713 patients (129%) had hyponatraemia [1359
(793%) mild, 253 (148%) moderate and 101 (59%) severe]; and
2102 (158%) patients had hypernatraemia [1411 (671%) mild,
446 (212%) moderate and 245 (117%) severe]. Patient charac-
teristics according to the different serum sodium groups are
shown in Table 1. SAPS II and SOFA scores were significantly
higher in patients with all degrees of dysnatraemia than in
those with normal sodium levels. Hypernatraemia was more
common than normonatraemia in mechanically ventilated
patients. Patients with hypernatraemia and mild hyponatra-
emia had longer lengths of ICU stay prior to the study day than
those with normonatraemia.
Of the 13 276 measurements, 3425 (258%) were made in
patients who were admitted on the study day and 9851 (742%)
in patients who were already present in the ICU. In patients
admitted on the study day, the prevalence of hyponatraemia
(123%) and hypernatraemia (121%) was similar (P = 081),
whereas hypernatraemia was more frequent than hyponatra-
emia in patients already in the ICU (171% vs. 131%,
P < 0001).
Relation with mortality and length of stay
There were significant differences in ICU and hospital lengths
of stay among the groups of patients with dysnatraemia
(P < 0001) (Table 2). Hospital mortality rates for the different
groups also differed (Table 2), following a U-shaped pattern
(Fig. 1) with higher rates for severe dysnatraemia; hospital
mortality reached more than 50% for patients with severe
hypernatraemia. Hospital mortality rates were similar in
patients with dysnatraemia already present in the ICU
compared with those admitted on the study day both for
hyponatraemia (288% vs. 293%) and hypernatraemia (392%
vs. 353%). Adjusted ORs for hospital mortality also had a U
shape with higher values at the extreme sodium values (Fig. 2).
The association between dysnatraemia and hospital mortality
was observed in infected as well as in noninfected patients and
was not statistically different between the two groups of
patients (P = 0061) (Fig. 3).
Discussion
In this study, we investigated the frequency of dysnatraemia
and its effect on mortality in a large, mixed population of
medical and surgical patients in 1265 ICUs across 76 countries.
Dysnatraemia was common, affecting 29% of ICU patients,
and was independently associated with increased hospital
mortality.
The higher incidence of hypernatraemia in patients already
being treated in the ICU (171%) compared with newly
admitted patients (121%) is in accordance with the results of
other series [13–15]. In a retrospective monocentre study,
Lindner et al. [13] reported that the majority of cases of
hypernatraemia (defined as a serum sodium > 149 mM/L) in
the ICU developed during the ICU stay (2% hypernatraemia
on admission vs. 7% during the ICU stay). These authors did
not find a difference in mortality (39% vs. 43%) between the
two subgroups. Using a similar cut-off of serum sodium
(> 150 mM/L), the incidence of hypernatraemia in our data-
base – defined as moderate to severe hypernatraemia accord-
ing to our criteria – was 36% at admission and 57% during the
ICU stay, and we also found no significant difference in mor-
tality rates between these groups of patients (400% vs. 495%,
P = 027). In a French multicentre cohort, using the same cut-
off value of 150 mM/L, hypernatraemia was observed in 36%
of patients at ICU admission and in 147% of patients already
treated in the ICU [14]. In a recent large cohort of ICU patients,
Waite et al. [16] reported that hypernatraemia (defined as
serum Na > 149 mM/L) developed after admission in 43% of
patients and was independently associated with an increased
risk of hospital mortality [relative risk (RR) 140 (95% confi-
dence interval, 134-145)] and ICU length of stay. All these
results suggest an iatrogenic component for the hypernatra-
emia occurring during the ICU stay. Some authors have sug-
gested that the incidence of hypernatraemia in the ICU is an
indicator of the quality of care [17].
The mechanisms involved in the development of hyperna-
traemia during the ICU stay include sodium gain and/or loss
Table 1 Continued
Na < 125
mM/L
n =101
125 < Na ≤ 129
mM/L
n = 253
130 < Na ≤ 134
mM/L
n = 1359
Na normal
(135–145 mM/L)
n = 9461
146 < Na ≤ 150
mM/L
n = 1411
151 < Na
≤ 155 mM/L
n = 446
Na > 155
mM/L
n = 245
Medical 56 (554)* 74 (295) 395 (292) 2567 (271) 403 (286) 145 (325) 71 (291)
Emergency
surgery
32 (317) 114 (459) 560 (413)* 3535 (374) 602 (427)* 183 (41) 104 (426)
Trauma 7 (69) 21 (84) 149 (11) 911 (96) 142 (101) 52 (117) 36 (148)
COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; IDDM, insulin-dependent diabetes mellitus; SAPS, Simplified Acute
Physiology Score.
*Statistical significance at 5% level vs. normal group.
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of free water and can be discriminated by clinical assessment
and urine electrolyte analysis [18]. Because many critically ill
patients have impaired levels of consciousness, their water
balance can no longer be regulated by thirst. This applies par-
ticularly to patients receiving mechanical ventilation, which
was associated with more frequent development of hyperna-
traemia in our cohort. In a monocentre case–control study
including 130 cases of hypernatraemia, Hoorn et al. [19]
showed that hypernatraemia was more commonly associated
with sepsis, hypokalaemia, renal dysfunction, hypoalbumina-
emia and the use of mannitol and sodium bicarbonate (17).
Natraemia > 150 mM/L was associated with an almost fivefold
increase in mortality rate (48% vs. 10%). Interestingly, fluid
balance was positive in 384% of patients. We were unable to
estimate fluid balance in our database because, although 24-h
urine output was collected on the study day, fluid intake was
not collected.
Data regarding the incidence and the prognostic value of
hyponatraemia on admission compared with during the ICU
stay are scarcer. In our series, the crude hospital mortality of
patients with hyponatraemia was similar in the two groups.
The difference in the incidence of hyponatraemia between
newly admitted patients and patients already on the ICU
(123% vs 131% respectively) was lower than for hypernatra-
emia (131% vs. 171%, respectively). In their study on the
epidemiology of ICU-acquired dysnatraemia, Stelfox et al. [8]
reported a higher incidence of ICU-acquired hypernatraemia
(26%) than of ICU-acquired hyponatraemia (11%), but these
authors included serum sodium values of 133 and 134 mM/L
in their normal range. In contrast, using a threshold of
135 mM/L to define hyponatraemia, Sakr et al. [15] found a
higher incidence of ICU-acquired hyponatraemia (136%) than
ICU-acquired hypernatraemia (91%) in a series of about
11 000 surgical ICU patients. In our series, dysnatraemia
observed in patients already in the ICU on the study day
cannot be strictly considered as ICU-acquired dysnatraemia as
the condition may has already been present prior to ICU
admission. This represents a limitation to the comparison with
other series and in particular that of Sakr et al. [15], in which
dysnatraemia at ICU admission was associated with a higher
risk of in-hospital death, compared with ICU-acquired dy-
snatraemia. In our study, hospital mortality was not statisti-
cally different in patients with dysnatraemia admitted in the
ICU on the study day than in those already present in the ICU
on the study day, although there a was a tendency towards a
lower mortality in this latter group.
Our study documented the U-shaped pattern of mortality
described in earlier studies of ICU and non-ICU populations
[4–7], with greater mortality rates at the extreme values of both
hypo- and hypernatraemia. Interestingly, the only adjusted OR
for hospital mortality that did not follow the U-shaped patternT
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was that of patients already in the ICU who had severe hyp-
onatraemia, an observation also made in the series by Funk
et al. [4]. The association between dysnatraemia and mortality
was present in infected and noninfected patients, but was not
different between these groups. Waikar et al. [6] studied the
influence of hyponatraemia on in-hospital, 1-year and 5-years
mortality rates in a large population of more than 98 000
unselected adult patients. Although these authors observed a
close relationship between hyponatraemia – even when mild –
and hospital mortality, mortality was not increased in patients
with septic hyponatraemia, for any degree of hyponatraemia.
However, their population was not an ICU cohort, which
suggests a difference in the degree of severity of sepsis and
organ dysfunctions.
This study has several strengths and limitations. The EPIC II
study was a multicentre worldwide cohort. The strength of a
point prevalence study is to eliminate any variability in treat-
ments that may occur over the years, as has been the case in
some other studies [4,7]. In particular, intravenous fluid dose
and composition have changed over the years as individualized
goal-directed fluid therapy has become more common [20]. The
limitation of a point prevalence study is the lack of information
about the time course of these abnormalities and factors that
may have contributed to the development of dysnatraemia
during the ICU stay. In addition, we did not collect data on
therapeutic decisions likely to influence natraemia, such as the
nature and amount of fluid administered or other forms of
treatment, including diuretics or vasopressin derivatives.
Another potential limitation is that the data were obtained
several years ago; nevertheless, although there have been some
changes in the overall management of critically ill patients
during that time, the treatment of dysnatraemia has not chan-
ged much. Finally, the prognostic value of dysnatraemia in ICU
patients does not necessarily imply a cause-and-effect rela-
tionship; rather dysnatraemia may be a surrogate marker for
severity of underlying disease. Nevertheless, dysnatraemia and
associated conditions probably act as additive mechanisms
leading to death. This possible mechanism has also been sug-
gested by Hoorn et al. [21] in a recent review on hyponatraemia
and mortality: the underlying disease causes hyponatraemia
and contributes to mortality, but hyponatraemia further
increases this mortality risk.
In conclusion, we have shown that dysnatraemia in the ICU
is an independent predictor of increased hospital mortality,
whatever the degree of hypo- or hypernatraemia and whenever
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Figure 3 Adjusted odds ratios for hospital mortality in
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Figure 2 Adjusted odds ratios for hospital mortality among
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Figure 1 Crude hospital mortality in the different categories
of natraemia.
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the dysnatraemia is recorded (at admission or during the ICU
stay). There is a clear U-shaped relationship between the
severity of the hypo- and hypernatraemia and mortality
(in other words a ‘dose–response effect’). This link between
dysnatraemia and mortality supports the need for a prospec-
tive, controlled trial to investigate the impact of tight natraemic
control on outcome. A challenge for such a trial would be to
elaborate a therapeutic algorithm for the correction of dysna-
traemia.
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Sabin (C. Coelho); Hospital Julia Kubitschek (A. Morais);
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Hospital Moinhos de Vento (N. Brand~ao da Silva); Hospital
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(C. Piras); Bulgaria: Mbal Ruse (L. Stephanova); Multiprofile
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aterina (G. Tsarianski); Univerisity Hospital (G. Dimov); Can-
ada: Capital Health-Queen Elizabeth II Health Sciences Centre
(R. Green); Centre Hospitalier Regional de Lanaudiere
(J. Levasseur); Children’s Hospital of Eastern Ontario (R.
Ward); CHU Sherbrooke (O. Lesur); Ho^pital Charles Lemoyne
(G. Poirier); Mount Sinai Hospital (R. Wax); Royal Jubilee
Hospital (G. Wood); St. Joseph’s Healthcare (D. Cook); St.
Michael’s Hospital (J. Marshall); Toronto General Hospital
(M. Herridge); Toronto Western Hospital (N. Ferguson);
Victoria General Hospital (G. Wood); Chile: Clinica Alemana de
Santiago (M. Espinoza); Clinica las Condes (S. Valdes jimenez);
Hospital Clınico de la Pontificia Universidad Catolica de Chile
(A. Bruhn); Hospital del Trabajador (J. Micolich); Hospital Dr
G. Fricke (S. Galvez); Hospital El Pino (I. Escamilla Leon);
China: Beijing Chaoyang Hospital (Q. Zhan); Beijing Tongren
Hospital (Y. Xu); Chinense Pla General Hospital (Y. Zhao);
Fuxing Hospital, Capital Medical University (L. Zhang);
Guangdong Provincial People’s Hospital (T. Qin); Peking
Union Medical College Hospital (B. Du); Peking University
People’s Hospital (M. Li); Ren Ji Hospital,Shanghai Jiao Tong
University (X. Wang); The Affiliated Hospital of Ningxia
Medical College of China (Y. Jing); The First Affiliate Hospital
of China Medical University (Z. Zhang); The First Affiliated
Hospital of Dalian Medical University (W. Xianyao); The First
People’s Hospital of Nantong, Jiangsu (F. Li); Zhong-Da Hos-
pital and School of Clinical Medicine, Southeast University (Y.
Congshan); Colombia: Clinica General del Norte (C. Rebolle-
do); Clinica Central del Quindio (D. Diaz); Clinica Medellin (R.
Murillo Arboleda); Clinica Saludcoop (C. Rebolledo); Clinica
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University Teaching Hospital, Hradec Kralove (J. Manak);
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